Application of percutaneous transluminal coronary angioplasty to the internal mammary artery graft  by Shimshak, Thomas M. et al.
Between June 1982 and .Iugust 1W7. 45 potient5 !dei-- 
went percutaneous transluminal coronar;, ~1g1opla5~~ 
witbin the interne! mammary arlerq graft igroup ii or had 
coronary angioplasty perform-d hqoqc! the :raL’: kertion 
with the internal mammary artery used as a conduit igroup 
2). Previous coronary artery bypacs surgery \$:I\ performed 
at a mean of 29.8 months (range 2 Eo 199) in group 1 anti 
51.3 months (range 2 to 834) in group 2. Sixteen (62°C) of 
26 patients in group I and 17 (7 19 1 or 24 patients in grcup 
2 had multivessel angioplssty; multilesion dngiopla5t) ~+a5 
performed in 20 patients (77%) in group 1 and in :9 
patients (79%) in group 2. Within ~foup 1, 12 (37.Sci I ol 
32 lesions were in the body of the internal mammary artery 
graft and 20 lesions (62.5%,) occurred at ++ ++s L, & ” JIUI ana:!::- 
mosis. Angioplasty was successfui isa 30 (91%) of 32 at- 
_____ 
Since the initial report by Green (1~. WQ~! ~~~jic~ 1 I-i7i 
Save confirmed the superiority of the internal mammq; 
artery conduit over the autologouc >aphenou5 vcln gralt tar 
aortocoronary bypas\ surgery. The reported advant 13~ of 
the internai mammary graft include higher patency r,lte\ ( I- 
131, more favorable Row characterktics (74.X.lLlh) and ~I 
reduced susceptibility to intimal hyprrplaGa and athcrosclc- 
rosis (17-21). In addition. compared with patlcnt\ \clth 
saphenous vein grafts. patient\ with Internal m,lmmary <II. 
tery grafts have a greater likelihood of remaming ‘i\irnp- 
tomak after 4 years. fewer cardiac event\ and enh;mt.ctl kc 
survival (5.17). Because of these advantage\. many \urgt’on\ 
consider the internal mammary xtcry to be the “graft of 
choice” for myocardial revascu~.,rwaton. putlcuhrly for 
the left anterior desccndmg coronal y artcry ( IO. Il. 13). I! I\ 
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angiography and coronary angioplasty were performed with 
use of the standard Judkins approach. After angioplasty, 
anticoagulant therapy was instituted with continuous intra- 
venous heparin for 18 to 24 h and the partial thromboplastin 
time was maintained at two to four times the control level. 
Patients underwent an exercise stress test before discharge 
and again at 3 to 6 months. Oral asp’rin (300 mg two to three 
timesdaily), dipyridamole (25 to 75 mg two to three times 
daily) and a calcium channel antagonist (either nifedipine, IO 
to 20 mg three to four times daily, or diltiazem, 30 to 60 mg 
three to four times daily) were continued after the proce- 
dure. 
Follow-up. Patients were seen in follow-up at 3 to 6 
month intervals either by the referring physician or by a 
cardiologist at this center. Follow-up information was ob- 
tained through review of medical records, telephone conver- 
sations with the referring physician or the patient and the 
patient’s response to a follow-up questionnaire. Repeat 
cardiac catheterization was pefigrmed in those patients with 
progressive symptoms or an abncrmai stress test. 
Results 
Clinical characteristics of patients (Table 1). There were 
24 men and 2 women in group 1 (internal mammary graft 
angioplasty) and the mean age of patients was 58 years 
(range 38 to 74). Coronary artery bypass surgery had been 
performed a mean of 29.8 months (range 2 to 199) before 
angioplasty. Six patients (24%) had impaired left ventdcular 
function. 
Group 2 consisted of 24 patients (including 5 patients 
from group ij who had angioplasty performed beyond the 
internal mammary artery insertion site wilh the graft used as 
a conduit. There were 24 men in this group and the mean age 
was 58.1 years (range 42 to 74). The mean duration from 
previous bypass surgery to angioplasty in group 2 was 5 1.3 
months (range 2 to 134). Seven patients in this group had 
impaired left ventricular function. 
Angioplasty results (Table 2). Among the 26 patients in 
group I, angioplasty was attempted in 27 internal mammary 
grafts (25 left and 2 right). One patient had angioplasty of 
both a right and a left internal mammary artery graft. Twelve 
(37.5%) of 32 stenoses were within the body of the graft and 
20 (62.5%) involved the distal anastomosis (Fig. 1 and 2). Of 
the 12 lesions within the body of the graft, there were five 
proximal, two mid and four distal stenoses and one diffusely 
diseased artery. Angiographic success was achieved in 30 
(94%) of the 32 lesions with attempted dilation and clinical 
success in 24 (92%) of the 26 paiients. In addition to 
angioplasty within the internal mammary artery graft, con- 
current angioplasty of one or more additional coronary 
stenoses was performed in 20 (77%) of the 26 patients: all 58 
lesions were successfully dilated. Multivessel angioplasty 
was performed in I6 (62%) of the 26 patients in group I. 
Table 1. Clinics’ Profile of 35 Patient\ 
-__ - 
Group I Gwp 1 
No. of patient5 ;Ih 24’ 
Patient age (yr) 
Mean (X TX I 
Range 1x ,; 71 32 to 74 
Gender 
Men 24 2J 
Women 7 
Months from CABS 
Meall 14 q in.7 
Range 1 to IW ! !,1 I Li 
Patients with impad LVF h 7 
NYHA angina clasl (no. of 
patients) 
Ctass I 1 tR’:I 1 II!‘:1 
Class II 8 11i?1 1 Ili’:l 
Class III I I WY) 16 1679) 
CbS IV 5 II1y’r) I 11’:) 
*Five patients in group 2 were group I patient3 *ho dw had mgq&ty 
within the internal mammary artery. CABS = coronary artery bypav, iurgery. 
LVF = left ventricular function. NYHA = New York Hean A~vx~at~on 
In group 2, the primary vessel dilated using the internal 
mammary artery graft as a conduit included the left anterior 
descending artery in 20 patients (83%), diagonal branch in 3 
(13%) and left circumflex artery in I (4%). In one patient. 
angioplasty of a distal vein graft-left anteriur descending 
artery anastomosis was accomplished by negotiating the 
guide wire sequentiaily through the left tnternal mammary 
artery and a bridging saphenous vein graft segment to the 
distal left anterior descending artery. Angiographic success 
was achieved in 25 (96%) of 26 stenoses in procedures using 
the intriual mammary artery graft as a conduit (Fig. 3) and 
clinical success was achieved in 22 (92%) of the 24 patients 
In group 2. Concurrent multilesion angioplasty was per- 
formed irl 19 (79%) and multivessel angioplasty in 17 (71%) 
of the 24 p&Gents in group 2. All 51 additional lesions were 
successfully dt;2ted. 
Tortuosity of .hr internal mammary artery graft. This 
was examined to determine the relation of such tortuosity to 
procedural outcome. Mild tortuosity was present in 17 (63%) 
of 27 arterial grafts in group I. Severe tortuosity was present 
in the two group I patients in whom angioplasty failed, 
preventing negotiation of either the guide wire or balloon 
catheter beyond the distal segment of the graft. 
Ar:,mg the 24 patients in grump 2, the tortuosity of the 
internal mammary artery was mild in I5 (63%). moderate in 
7 (29%) and severe in 2 (8%). Although the tortuosity WRF 
mild in the only failed angioplasty in this group, the procc- 
dure was performed early in our experience and was limited 
by a nonsteerable balloon catheter system (DG Z&30). 
‘Yechnicrl results. Table 3 summarizes the technical re- 
sulrs ofangioplasty in both groups including successful guide 
and balloon catheter systems, number, peak pressure and 
maximal duration of balloon inflation. An 8F LIlMA guide 
(Advanced Cardiovascular Systems) was used m 42 (82%) of 
5 I Internal mammary artery grafts. Twenty-one (Og%) of 3 I 
internal mammary artery stenoses were successfully dilated 
with a 2.5 mm balloon catheter. Twenty-four (96%) of 25 
stenoses in group 2 were successfully dilated by way of the 
arterial graft using either a 2.0 or 2.5 mm balloon catheter. Of 
the I5 anastomotic lesions successfully dilated with a 2.5 mm 
balloon. the mean number of inflations was 3.7 (range 2 to 6). 
the mean pe,+k pressure was 4.9 atm (range 4 to IO) and the 
mean maximal inflation time was 60 s (rang; 30 IO 60). Six of 
I2 stenoses within the body of the internal mammary artery 
were successfully dilated using a 2.5 mm balloon; the mean 
number of inflations was 7.2 (range 2 to 20), the mean peak 
pressure was 7.6 atm (range 6 to 12) ar?d the mean maximal 
duration of Inflation was 60 s. Thus, in thi5 study. lesions 
within the body of the internal mammary artery required 
more inflations and a higher peak pressure than did anasto- 
motic lesions. The maximal duration of inflation was similar 
in both subgroups. 
Procedure-related complications. There was no proce- 
dure-r&ted acute myocardial infarction or death among the 
45 study patients. Within group I. diffuse transient sF:asm of 
:hc internal mammary artery occurred in one patient and 
dissection of the internal mammary artery graft occurred in 
three patient\ without clinical sequela? One patient in group 
2 required emergent coronary artery bypass surgery after a 
guide wire caused a localized, Flow-limiti.!g hematoma of the 
mid-left internal mammary artery. 
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Follow-up (Table 4~. The mean follow-uF period was 12.7 
months (range I IO 38) in group 1 and 18.2 months (range I to 
62) in group 2. Among the 39 surviving patients wno had 
successful angioplasty without late bypass surgery in the 
follow-up period, 17 (89%) of I9 patients in group I and 18 
(9EZi of& patients in group 2 had either no or class I angina 
at last follow-up. 
Amng he 45 .sr~Iy prrti~rrfs, ? had a late myocardial 
infarction. One pa’ient in group 2 sustained a nonfatal 
infarction 17 months after emergent bypass surger;, after a 
failed angioplasty attempt. Another patient underwent elec- 
tive bypass surgery I month after successf~~l multilesion 
angioplasly. The preoperative angiogram in this patient 
Figure 1. An&grams in right anterior oblique projection. A, A 
diffuse zone of high grade obstruction extends several centimeters in 
the proximal left internal mammary artery. B, With use of a LIMA 
guide catheter (Advanced Cardiovascular System) a 2.5 mm MICRO 
balloon catheter (Advanced Cardiovascular System) has been in- 
flated in the tubular zone of stenosis. C, Final contrast injection 
demonstrates wide patpncy of the proximal left internal mammary 
artery graft. 
demonstrated patency of Ihe pr:viously dilated internal 
mammary artery distal anastomosis. 
Ammg the 26 pcrtietrts in grwp I, there were two late 
cardiac deaths (one sudden death and one due to myocardial 
inftirction) and one noncardiac death ;intracerTbral hemor- 
rhage). Both patients who died from cardiac causes had 
extensive coronary artery diseeje; severe left ventricular 
impairment was present in one patient. There were two late 
cardiac deaths in group 2. In oie ot’these patients, angio- 
plasty using the internal mammary artery as a conduit was 
unsuccessful. The second group 2 patient who died during 
follow-up had additions1 angiop!asty within the internal 
mammary artery graft (group 1). Thus, the rate of late 
Figure 2. Angiograms in right anterior oblique projection. A, A high 
grade obstruction involves the anastomosis of the left internal 
mammary and the left anterior dcsccnding coronary arteries. 6. 
FinaI injection into the left internal mammary artery shows a widely 
patent anastomotic site. 
mortality secondary to cardiac causes among the 41 patients 
with successful angioplasty was 4.9%. 
Repeat coronrq angiogrc~pky was performed in 8 (3 1%) 
of !he 26 patients in group I at a mean interval of 6.4 months 
(range I to 18) after angioplasty. Ail eight patients had 
n?g!ti!esion angioplasty during the original procedure. Five 
patients had restenosis of 8 of the 27 lesions originally 
diMed. Among the eight interna; mammary artery grafts 
restudied, testel:qsis occurred in one graft and involved Ihe 
distal segment. Repeat angioplasty was successfully per- 
formed in all patients with restenosis. Five (21%) of 24 
paGents in group 2 had repeat coronary angiography at a 
mean of 9.8 months (range I to 16) after angioplasty. 
Restenosis occurred in four patients and invoked 4 of I4 
Figure 3. Angiograms in right anterior projection. A, Injection of 
medium conrrast into the fzft inkrio. ,,ummary anery demons(ratcs 
a severe ytenosis of the left xterior deccending coronary artery 
heyond the graft anastomosis. B, With u?e of the left internal 
mammary artery as a condtiit. a 2.5 mm MICRO balloon catherer 
has been advanced to Ihe area cjf 5tenoG. The MICRO wire is 
positioned In the distal left anterior descendicg artery. C, Final 
contrast injection into the left interior descending artery demon- 
strates a marked decrease in the proxinA steno% 
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Table 3. Technical iksulls in 45 Palicnts Table 4. Follow-up Results in 45 Palicnls 
Group I Group 2 
(ll = 261 (n = 241 
Guide carhewn 
RF LIMA IACSI 22127 (81%) 20124 cnv, 
8F LIMA tUSCIl 1127 (47r, 
8F FR 4 (USCII 3127 (I 1%) 4/24 ( 17%) 
8F JR4 (Sbiley) 1127 (4%) 
Balloon catheter we 
ISmm I13 I (3%) 
2.0 mm 4131 (13%) I0125 (40%) 
2.5 mm 2v.71 (68%) 14125 lWZ1 
3.0 mm 3131 (10%) 112.5 (4%) 
3.5 mm 213 I (6%) 
InflaGon data <mean)* IMA Body Anastomosis 
Ntrmber of inflallonz T------- 3.7 
Peal. pressure lafm) 7.6 6.9 
Maximal duration (sl 6Q.0 60.0 
- -- 
*Refers to 2.5 mm balloon catheters. Abbreviations as in Table 2. 
lesions initially dilated. All sites of restenosis were success- 
fully dilated without complication. 
Group I Group 2 
Months from angioplasly 
Mean 12.7 18.2 
Range I IO 3R I to 62 
NYHA angina class* 
(no. of patients) 
Class I IS (79%) 14 (70%) 
Class II 2 (II%) 4 (20%) 
Clasc Ill I (5%) 0 
Class IV I (5%) 2 (10%) 
Evenrs 
(no. of patients) 
Ml None I 
CABS I I 
Deaths 3 2+ 
Cardiac 2 2 
Noncardidc I 
*Thiny nine patients with successful anlioplasly and no bypass surgery in 
follow-up period: *includes one parrent from Gwup 1 XI A ~~yu~adial 
infarction: other abbreviations as in Table 1. 
Discussion 
Advantages of the internal mammary artery graft and 
reasons for graft failure. The use of the internal mammary 
artery as a conduit for bypassing the left anterior descending 
coronary artery was popularized by Green (1). Several 
studies have confirmed a superior patency rate of the inter- 
nal mammary anery compared with the autogeaous saphe- 
nous vein graft as a coronary bypass conduit (2-13). The 
higher patency rate of the internal mammary artery graft is 
related lo similarity in size of the bypass :?nduit and 
recipient vessel, favorable flow characteristics within the 
internal mammary artery and decreased susceptibility of the 
internal mammary artery to intimal hyperplasia and athero- 
matous degeneration. 
(26-28), these reports involved small numbers of patients 
with Iimited follow-up. Kereiakes et al. (26) reported favor- 
able results in two patients; both patients remained free of 
angina during 5 and 6 months of follow-up. Subsequently, 
Cote et al. (27) reported the results of angioplasty in 82 
patients with previous bypass surgery, including 5 with an 
internal mammary artery graft; all 5 internal mammary 
artery-left anterior descending artery distal anastomotic sites 
were successfully diiated. More recently, Pinkerton et al. 
(28) reported the results of angioplasty in nine patients with 
stenosis at the internal mammary artery-coronary artery 
anastomosis or in the coronary vessel distal to the anasto- 
motic site. These investigators successfully dilated the distal 
anastomosis in seven internal mammary artery grafts and in 
three of four coronary vessels using the internal mammary 
artery graft as a conduit 
Although the majority of internal mammary artery grafts 
will achieve long-term patency. some will eventually fail. 
The reasons for failure are multiple and include inadequate 
conduit size, damage to the artery during operative prepara- 
tion, postoperative str?ching of the graft by hyperinflated 
lungs, anastomosis to excessively rigid and thickened ves- 
sels, insertion into marginalif stenotic vessels WiCi compet- 
itive flow, exposure to undiluted papaverine sol&on during 
surgery and reduction of inflow by proximal steno& af the 
internal mammary or subclavian artery (30). In general, 
injury to the internal mammary artery graft during mobiliza- 
tion. preparation and construction of the anastomosis is th2 
most common cause of failure (6,13.31). 
Our study extends the reported experience of coronary 
angioplasty involving internal mammary artery grafts and 
provides longer follow-up results than those of earlier stud- 
ies. Our results compare favorably with those of previous 
reports of angioplasty involving internal mammary artery 
grafts. In the present study, the sngiographic success rate 
was 94 to 96% and the clinical success rate was 92%. In 
addition, concurrent muliilesion and rmdtivessel angiopla$ty 
was successfully performed in the majority of patients in 
both groups. Impaired left ventricular function was present 
in 24% of group I and 29% of group 2 patients and did not 
appear to adversely effect the outcome of the procedure. 
?revious studies of coronary angioplasly invoh ing internal 
mammary artery grafts, Although angioplasty involving in- 
ternal mammar) artery grafts has been previously described 
Characteristics of graft stenoses. In this study, 26 of 45 
patients underwent angioplasty within the internal mammary 
artery graft (group I). As in previous reports, the majority of 
patients in this group had stenosis involving the distal 
anastomctic site. but in eight patients the stenosis w;i\ 
located in the body of the internal mammary artery graft. 
The mean interval from bypass surgery to angioplarty among 
these eight patients was 8.3 months (range 2 to 24~. ‘I’he 
distal interna mammary ar!ery was diffusely narrowed in 
four of the eight patients and the proxima! or mid :egments 
were narrowed in four patients. One patient had narrowing 
of the entire internal mammary artery as a result of a 
dissection. E’revious investigators have reported a 2% inci- 
dence of diffuse narrowing of the dista; internal mammary 
artcry graft on postoperative angiograms. This “distal 
thread” appearance of internal mammary artery grafts has 
been attributed to its insertion into marginally stenotic 
coronary vessels resulting in competition of flow (5). Unlike 
previous reports, the four patients in this study with diffuse 
distal internal mammary artery obstruction had severe prox- 
imal obstruction in the native coronary artery at the time of 
bypass. 
The came of obstrwtion in the proximcd segment uf the 
internal mammary artery was unequivocally ascertained in 
only one patient. This pa;ient sustained a localized dissec- 
tion of the internal mammary artery several months earlier 
during a diagnostic catheterization. A second patient with 
localized proximal and mid-left internal mammary artery 
stenoses received therapeutic radiation for breast cancer 
several years earlier. Although the pericardium is character- 
istically affected by radiation, radiation-induced coronary 
artery disease has also been described (32.33). It seems 
possible that the observed changes in the internal mammary 
artery in this patient were a result of previous radiation 
exposure. In the majority of patients with stenosis involving 
the body of the internal mammary artery, the diseased 
segment was proximal, tubular, extended several centime- 
ters and angiographically was not suggestive of thrombus. 
Based on previous studies (20,31) it is unlikely that these 
findings existed before surgery. Rather, injury to the pedicle 
or internal mammary artery body at the time of surgery is a 
more likely cause of internal mammary artery graft failure 
(6,13,31). Shelton et al. (34) recently reported the morpho- 
logic and angiographic findings in long-term (mean 56 
months) internal msmmilry artery and saphenous vein by- 
pass grafts. These investigators found that in internal mam- 
mary artery grafts fibrointimal proliferation was frequently 
associated with graft narrowing and acceIerated atheroscle- 
rosis was extremely rare. 
In the majority of patients in group 1, the internal 
mammary artery stenoses were discrete, nonrigid and oc- 
curred at the distal anastomosis. Although we cannot deter- 
mine the exact etiology of such stenoses, the interval from 
surgery, angiographic appearance and response to balloon 
inflation seem consistent with intimal hyperplasia. Localized 
spasm, thrombus or atherosclerosis seem less likely causes 
for the anastomotic stenoses. 
Tortuosity of the internal mammary artery graft. This 
f~tot wa\ evaluated to determine its role in the outcome of 
angioplasty. In the majority of patients. the tortuosity of the 
Internal mammary ariery was mild or moderate and did not 
appear IO Ggnihcantly impede angioplasty. Ucevc~cr, in the 
only two failed angioplasty attempts in group I. the internai 
mammary artery was severely tortuous. Desprte multiple 
guide wire and catheter systems, we were unable to com- 
pletely negotiate the graft. The results of angioplasty in these 
two patrents demonstrate the importance of minimizing the 
degree of tortuosity when the graft is created surgically. 
Technical results. A number of condusions can be 
reached from the technical results. The most frequently used 
guide catheter in both groups was the 8F LIMA guide (ACS). 
This catheter’s 7SF tapered tip allows selective cannulation 
of the internal mammary artery without adversely affecting 
perfusion. In addition to providing stable guide support, its 
0.072 in. (0.18 cm) internal diameter allows higher flow rates 
and improved visualization with ccntrast injection. The most 
frequently used balloon Gze in group f was 2.5 mm whereas 
in group 2 the 2.0 and 2.5 mm balloon catheters predomi- 
nated. In both groups, the LPS (ACS) and MICRO (ACS) 
baboon catheters were used most frequently. The extremely 
low profile and highly steerable guide wires of these cathc- 
ters contributed to their success in negotiating the internal 
mammary artery and beyond the distal anastomoses. 
The results of this study demonstrated that, compared 
with anastomotic lesions, stenoses within the internal mam- 
mary artery required more o.equent balloon inflations and 
higher pressures. iiowever, the significance of this finding is 
limited by a relatively small number of patients in whom 
angioplasty was performed directly within the internal mam- 
mary artery and by the inclusion of one patient who required 
multiple overlapping balloon inflations. 
Procedure-related complications. In both groups. percu- 
taneous transluminal angioplasty was performed with a low 
incidence of serious complications. Procedure-related com- 
plications in group I were limited to transient spasm of the 
internal mammary artery in one patient and dissection of this 
artery in three patients. These complications were toierated 
without any clinical sequelae. A proximal dissection of the 
Internal mammary artery occurred in one patient as the 
balloon catheter was withdrawn through a tortuous proximal 
graft segment. During this maneuver, the guide catheter was 
pulled into the internal mammary artery c&urn, creating a 
localized dissection. To minimize such catheter-induced 
trauma to the internal mammary artery, Pinkerton et al. (28) 
recently recommended removal of the guiding catheter from 
the graft origin before removal of the balloon catheter. A 
second patient sustained a dissection of the internal mam- 
mary artery after dilation of a proximal graft stenosis. This 
patient was restudied 3 months later and had an extensive, 
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Figure 4. Angiograms in right (A) and left (B) antetior oblique 
projections showing after injection of contrast medium into the left 
internal mammary artery 3 months after percutaneous transluminal 
coronary angioplasty. An extensive flow-limiting dissection involv- 
ing the entire graft is present. Repeat injection into the left internal 
mammary artery in the right (C) and left (D) anterior oblique 
projections after 31 over!lpping inflations throughout the entire graft 
demonstrates wide patency. 
flow-limiting dissection of the entire graft. Repeat angio- 
plasty of the left internal mammary artery was successfully 
performed with a total of 31 overlapping inflations, encom- 
passing the entire graft from the proximal to the distal aspect 
(Fig. 4). 
As in group 1, s~~~sfii cmgioplrsfy ws performed in 
group 2 with few comp!icrrkttu. There were no cases of 
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p*ocedural myocardial infarction or deaths; in lhrs group 
One patient underwent emergent urgent surgery a few htiun 
after angioplasty of the left anterior descending artery with 
the internal mammary artery graft used as a conduit. The 
guide wire of an original Gruentzig catheter caused a hema- 
toma of the graft that later became obstructive. The paGent 
tolerated bypass surgery wkho~ kidc~:. 
The resrrlts of this sllrdy crlro cl~~mo/lslrrrtl~ srtstubretl 
clinicul improvement in the majority of patients after ‘iuc- 
cessful percutaneous transluminal coronary angioplasty. 
Among those 41 patisnts with successful angioplasty and no 
repeat coronary artery bypass surgery during follow-up, 90% 
of the patients had either no or mild angina. 
Clinical implications. On the basis of this study. we 
conclude that percutaneous transluminal coronary angio- 
plasty within the internal mammary artery and beyond the 
distal anastomosis with the internal mammary artery graft 
used as a conduit is technically feasible and can be per- 
formed with a high primary success rate (>94%) and a low 
incidence of complications. In addition. concurrent multi- 
lesion and multivessel angioplasty can be successfully prr- 
formed in most patients. This procedure resulted in signifi- 
cant, sustained clinical improvement in the majority of 
patients. Finally, we emphasize the importance of minimiz- 
ing the degree of tortuosity when rhe internal mammary 
artery graft is created surgically. Attention to this surgical 
detail could significantly enhance future angioplasty at- 
tempts involving internal mammary artery grafts. 
References 
I. Green GE. internal mammary-@coronary attery anaslomosl5: rhree year 
experience with 165 patient%. Ann Thorac Surg 1972;14~?6&71. 
2. Kay EB. Naraghlpour H. Beg RA. DeManey M, Tambe A. Zimmerman 
HA. lnlemal mammary anety bypass graft: long term parency rzte and 
follow-up. Ann Thonc Surg 1974;18:?69-79. 
3. Tector AJ, Davis L. Gabriel R. Gale H. Singh 1. Flemma R. Experience 
with internal mammary artery grafts in 298 palients. Ann Thorac Sutg 
1976;??:515-9. 
4. Loop FD. Irarrazaval MJ. Bredee JJ. Siegel W. Taylor PC. Sheldon WC. 
lnlemal mammary anery graft for ischemic heart disease: effect of 
revasculatization on clinical slatus and sutvivdl. Am J Catdiol 1977.39. 
5 16-22. 
5. Geha AS. Baue AE. Early and late results of cotonatv tevasculatiralmn 
with saphenous vein and internal mammary artery &&s. Am J Surg 
1979:137:456-63. 
6. Tector AJ. Schmahl TM. Canino VR. Kallier JR, Sanfilippo D. The role 
Of the sequential internal mammary artery grdft In coronary surgery. 
Circulation 1984:7Msuppl 11:1-222-S. 
7. Earner HB, Mudd JG. Mark AL. Ahmad N. Dtckens JF. Palenc) of 
mternat mammarv-cotonarv crafts. Circulation t976:54(suonl IllkIIl-7% 
Fifteen years’ experience with 
Thotdc Surg 1986:4Z:S22-S7. 
rhe mlemat mammary atlery 
lb. 
23 
24 
2s 
26 
17 
Furu\e A. Klopp EH. Btawley RK. Gott VL. Hemodynamlcs of dotta- 
to-coronary .~ncry bypass. Ann Thorac Surg !977?.11:?82. 
Flemma RI. Smgh J. Tector AJ. Lrpley D. Furler BL. Cnmpara:lve 
hemodynamlc properties of vein and mammary arrery m coronary bypass 
operation\ Ann Thonc Surg 1975:?0~61%17 
Hdmby RI. Arntablian A. Wisoff BG. Hatt~tem ML. Compm-:l!rvs study 
of the po~~opetatlve llow m the saphenou\ vrm aid mterpal mammary 
dtlery bypA?+ grdfi. Am Heart J 1977:93:X6-15. 
Barnet HE. Kaiser tic. Jellmek M, Ed al. Aorro-coronary vem gtafr dtnd 
mtcrnal mammary-coronary ana~lomorls. Arch Surg 1972:105+lX&l I. 
Hito\e 7. Vdrshatl D. A comparative Judy of the direct internal 
mammatj-lo-coronary artery anastomokis and the aorrocoronary vein 
hqpa\~ pwfl. Ann ThJtac Sutg 1973:16:471-9. 
Slrns FH ,A companyon of coronary and mlerndl rnammaty arterIe and 
Implicauoos of the te$ul!s In rhe ermtogy of dnerio\clerosi%. Am Heart J 
19X~:l05~~6%6 
Kdb HR. Kerns ME. Flemma RJ. Tecror AJ. Lepley D. Athetoxfernsis 
of the ~nmntal mammary anety. Arr? Thotac Surg 197h:?I~504-g. 
Barhour DJ. Robens WC. Additional evidence for telalive resistiance to 
mherosclero~lr of the in!ernal rndtiimdly alloy COnlpated 10 saphenous 
vem when used IO increase myocatdial blood supply. Am J Cardtol 
I987.56:488. 
Block PC. Cowley MJ. Kallenbach M. Kem KM, Srmpton J Petcurane- 
ous dnglopla~ly of tleno5es of bypa gtafls or of bypass graft anaslo- 
mollc ulle\. ~?m J Cardlol 19R4;53:666-8. 
Dotto\ G, Johnson WD, Teclor AJ, Schmahl TM, Kaiush SL. Janke L. 
Percutdneous traoslummal coronary angioplasty m palientp with prior 
coronary artery bypass gmfling, J Thotac Cardiovacc Surg 1984:X7: 17-2h 
Dot&a; JS Jr., GruentLig AR, King SB Ill. et al. Perculaneous Iranslu- 
mmal coronary angioplasly in patienls with prior coronary bypass sur- 
gery. J Am Colt Cardlol 1983:?3745-54. 
El Gamal hi. Bonnier H. Michels ?. el dl. petculaoeou~ ttanclummal 
angloptd$ly of stenosed aormcoronary bypass grafts. Br Hean J 1981:5?~ 
617-20. 
Ketelakec DJ. George B. Slettzer SH. Myler RK. Percutanruub ~rdni- 
luminal angloplasly of lefl mlemal mammary dtlety grafls. Am J Cdtdiol 
lY85.55~t215-6. 
Cole G. Mylet RK. Stealer SH. Clark DA. et al. Percutaneous Irdnstu- 
minal dngloplasly of stenotic coronary drtety bypa% grafls- 5 years’ 
experience. J Am Coil Cardiol 1987;9.8-17. 
18. Pmkenon CA. Slack JD. Otr CM. VanTassel JW. Percuraneou, trans- 
lummal angloplasly Involving mremal mammary atlery bypass grafii. 
C&hcl Cardiovasc Diagn 1987:13:414-8. 
19. The Crllrrla Commllree of the New York Hean Aswcralion: Diseaw of 
Ihe Heart and Blood Vessels; Nomenclature and Cnleria for Diagnosis. 
hlh rd. Bo\ton: Little. Brown. 1964: f-IO% 
_ _ . . 
3. 
8. Lylle BW, Loop FD. Thurer RL. Groves LK, Taylor PC. Co$grove DM. 
Isolated left anterior descemhng coronary arherosclero+ic: long-rerm 
comparison of internal mammary artery :tnd venou\ aurograflr. Clrcula- 
lion t980:61:869-76. 
1214 SHIMSHAK ET AL JACC Vnl. I2 Nn 5 
ANGIOPLASTY IN INTERNAL MAMMARY ARTERY GRAFTS Novcmbcr 1988.1205-14 
3fl. Jones JW. Oschner 1L. Milk NL. Hughe L The in~crnal mammary 32. Tracy GP. Brown DE. Johnson LW. Got:lieb AJ. R:a&tion-mduced 
bypass graft: a supenor tecond coronary artery. J ‘fllorac Cardiovasc coronary artery disease. JAMA 19743228: l660-2. 
Surg 1978:75:625-3 I. 33. Stewart JR, Fajarda LF. Radiation-induced heart disease. Radio1 Clin 
North Am 1971:9:51 I-31. 
31. Bamer HE. Swartz MT. Mudd G. Tyras DH. Late patencyofthc internal 34. Shelton ME. Forman MB. Virmani R. Bajaj A. Sroney WS. Atkinson JB. 
mammary artery as a coronary bypass conduit. Ann Thorac SurE 1982:34: A comparison of morphologic and angiographic findings in long-term 
408-12. 
internal mammary artery and saphenous vein bypass g&s. JAMA 1988: 
11(2k297-3Oi. 
